S EVERAL epideiniological studies have
suggested the existence of interrelationships between the occurrence of atherosclerosis and the intake of various dietary fats, proteins, and cholesterol. Thus, the work of Beveridge et al. 1 and Ahrens et al. 2 suggests that the level of plasma cholesterol is affected by the degree of saturation of ingested fat. On the other hand, the relationship between dietary protein and the level of plasma cholesterol is equivocal. According to Olson et al. 3 and Purman et al., 4 diets low in protein reduce the levels of plasma cholesterol in man. In contrast, elevated levels of serum cholesterol were found in chickens fed atherogenic diets low in proteins (Stamler et al. 5 ' 6 and Leveille et al. 7 ). Moreover, high-protein diets appear to protect chicks against atherosclerosis induced by cholesterol feeding (Stamler etal. 6 ). It was recently observed at this institution that pigeons of the White Carneau* breed develop spontaneous atherosclerosis of the aorta and coronary arteries, while most other breeds of pigeons, when maintained on identical diets (grain), are resistant to this disease. 8 ' 9 When animals of the susceptible breed (WC) were fed cholesterol, the onset of the disease was strikingly accelerated. 10 sclerosis-susceptible pigeons might provide a valuable tool for studying the effects of various dietary regimes on the development of this disease. It should be pointed out in^this regard that generally, in previous studies on experimental atherosclerosis, the effect of a single dietary ingredient (or of one group of ingredients) has been investigated. Such experiments will not give any information on the existence of significant interactions between various dietary components, inferences drawn from the experiments being strictly limited to the particular conditions employed. This represents a serious limitation in the attempt to reach conclusions of general validity in regard to atherosclerosis, a process which is certainly affected by a large variety of conditions. In the present study, we have chosen a 3 X 2 X 2 factorial design primarily to test the assumption that the presence in the diet of cholesterol, the nature of the dietary fat, and the level of protein are independent in their effect on atherosclerosis in the White Cameau pigeon. Diets containing three levels of protein (casein) added at the expense of carbohydrate, and two types of fats (corn oil and hydrogenated coconut oil), with and without added cholesterol, were fed to White Carneau pigeons. The effects of such diets on serum cholesterol, aortic lipids, and atherosclerosis are described here. A subsequent paper will deal with the effects on coronary atherosclerosis.
Methods
Twelve groups of six-week-old White Carneau pigeons, made up of both males and females, were housed in growing batteries kept in a room with controlled temperature and humidity (70° F. ± 2°. 50 per cent relative humidity ± ]0 per cent), The upper beaks of the birds were maintained short with a commercial "debeaker" in order to prevent injuries due to fighting. Diets were prepared by mixing the dry ingredients and the fat, and adding water. The resulting doughlike mixture was pelleted and dried in a current of warm air (pigeons will not consume a mash diet). The birds, which had access to food and water ad libitum,, were weighed at the start of the experiment and at three-month intervals for the duration of the study. Differences in weight gain were not significant. Blood samples were obtained without anesthesia from the alar vein at the beginning, after four months, and at the end of the experiment (nine months). Serum cholesterol was determined by the method of Zlatkis et al. 11 as modified by Rosenthal et al. 12 After nine months on the diets, the birds were killed and necropsted, and all tissues to be used for further studies, except the aortas, were fixed in 10 per cent neutral formol. At the time of necropsy, the approximate extent of grossly visible aortic atherosclerosis was measured as described previously. 9 After weighing, the aortas were minced under alcohol and determinations of aorta total lipid and phospholipid were carried out as before. 9 The procedure of Zlatkis et al. 11 was used for the determination of aorta cholesterol.
Statistical Treatment of the Data
Analysis of variance by the method of unweighted means 13 was selected because of the unequal numbers of animals receiving the various diets (mortality and the loss of a few samples accounted for subsample inequality). In addition to the major analysis, "F"-and *-tests were applied in the study of main effects. The basic statistic of analysis of variance techniques is the comparison of variances of the different experimental groups with the error variance (the variance ratio, or "F" test), which in this ease was the variance within diets.
Results and Discussion
The mean analytical values obtained from the various groups at the end of the experiment are presented in tables 2, 3, and 4. A summary of the analysis of variance performed on these data is given in table 5.
Effects on Serum Cholesterol (Tables 2 and 5) The variation in the levels of serum cholesterol within the groups was great, especially among those receiving cholesterol in the diet. The results of replicate analyses, however, suggested that this variability was not due to technical error, but is probably usual in this species. In spite of these large variations, it is apparent that the substitution of corn oil for coconut oil in the diet significantly lowers serum cholesterol, but only in birds fed cholesterol, as is evidenced by the significant first-order interaction between fat and cholesterol (P <0.005). Obviously, an experiment designed only to study simple effects could not have revealed this interaction between the type of dietary fat and the presence or absence of added cholesterol in the diet. Some statisticians 13 suggest that the experiment is completed with the detection of interaction. On the other hand, we felt justified in examining the effects of fat and protein levels in the cholesterol-fed groups because of the highly significant main effect of cholesterol, indicating that the cholesterol-fed and noncholesterol-fed groups were samples drawn from two different populations. Furthermore, both the levels of protein and the type of fat appeared to be independent in their effects on the cholesterol-fed pigeons. When the difference in the levels of serum cholesterol in the high-and low-protein groups were tested using the f-test, a significant difference was observed (P <0.05). Thus, it appears that in eholesterol-fed White Car- 538 - (5) 514 ± (4) 1836 ± (5) 972 ± 448 ± (4) 531 ± (5) 1661 - (5) 890 ± neau pigeons, high levels of dietary protein lead to higher serum cholesterol values. This finding is in contrast with those of Stamler et al. 5 and Leveille et al. 7 The main effects of the two types of dietary fat in the cholesterol-fed pigeons were compared using the Fisher-Behrens test.
14 The difference between the two fats, combining all levels of protein, was highly significant (P <0.01). Although the two fats also differ in the chain length of the constituent fatty acids, it might be supposed that the difference in their effects on serum cholesterol is due to their different degrees of unsaturation.
Effects on Aorta Lipids
Neither the level of aorta total lipids nor that of aorta phospholipids appeared to be influenced significantly by diet, and no interactions were detectable. For brevity, these data are omitted. Aorta cholesterol, however (tables 3 and 5), was significantly influenced by both dietary cholesterol (P <0.001) and by dietary protein (P <0.02). Furthermore, when the high-and low-protein groups receiving cholesterol were compared, using the Fisher-Behrens test, 14 a significant difference was obtained (P <0.05).
Despite certain differences in the average values obtained on the cholesterol-fed birds receiving the two different fats, such differences were not statistically significant in the main analysis. Similar results with cholesterolCirculation Research, Volume IX, July 1961 fed birds were obtained when the two fats were compared using the Fisher-Behrens test.
14 Effects on Severity of Atherosclerosis (Tables 4  and 5) The values for the "atherosclerotic index" (per cent of the surface area of the aorta which is involved in plaques) indicate that the presence of even low levels (0.25 per cent) of cholesterol is markedly atherogenie for White Carneau pigeons. This effect is significantly influenced (P <0.05) by protein in the overall analysis of variance. Among the cholesterol-fed birds only, those receiving diets high in protein were much more severely diseased than were birds on diets low in protein (P <0.01 by the Fisher-Behrens 14 test). On the other hand, the type of dietary fat appeared to influence the atherosclerotic index to a relatively slight degree. These results suggest that the type of dietary fat exerts a stronger influence on serum cholesterol than on either the level of aorta cholesterol or the severity of aortic atherosclerosis. It seems unlikely, however, that the interactions between fat and cholesterol, and protein and cholesterol, would both be less than the 10 per cent level of significance by chance alone. Had the number of animals been larger, more striking main effects and interactions with fat might well have been observed. 
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"
7 diets low in protein were not atherogenic for White Carneau pigeons, nor did they elevate the levels of cholesterol. We recognize, however, that in the present study only one level of dietary fat (10 per cent), and only one kind of protein (of animal origin) were fed. Work now in progress will attempt to extend these studies to include a wider range of fat levels and a protein of plant origin. It is also recognized that the diets used in these experiments contained varying levels of carbohydrate, which could conceivably influence the results. However, the magnitude of the variations in carbohydrate level (from 52 to 77 per cent of the diet) were much smaller than variations in protein level, which ranged from 5 to 30 per cent.
In conclusion, it is felt that these results point out the remarkable efficiency of a factorially designed experiment in studying the effects of multiple dietary variables on a disease process. It seems likely that many previous nutritional studies on atherosclerosis have ignored the possibility of interactions among the constituents of the diets. Where such interactions exist, inferences regarding the significance of any single dietarj T component must include specifications of the type and amount of those dietary components interacting with it. Undetected biological interactions may account for the fact that some *In all cases, the variance within groups (error) was used as denominator and variance of given row as numerator for variance ratio.
tProbability that variance ratio could be as large, or larger, due to chance alone, if true, F = 1.
investigators have come to opposite conclusions regarding the influence of the same dietary variable on the atherosclerotic process. Summary In a 3 X 2 X 2 factorially designed experiment, White Carneau pigeons were kept nine months on diets containing three levels of protein (5 per cent, 15 per cent, and 30 per cent casein) and two types of dietary fat (10 per cent oil or 10 per cent hydrogenated coconut oil). Identical groups received, in addition, 0.25 per cent cholesterol. Analysis for serum cholesterol, and for cholesterol, total lipids, and phospholipids in the aorta, and measurements of atherosclerotic index were carried out. The data were subjected to statistical evaluation by analysis of variance. The addition of cholesterol to the diets elevated the level of cholesterol in the serum and the aorta and increased the severity of atherosclerosis. A significant interaction was found to exist between the type of fat in the diet and the presence or absence of cholesterol. Among cholesterol-fed birds only, corn oil exerted a significant cholesterol-lowering action. Suggestive evidence was obtained for the concept that the severity of atherosclerosis is influenced by the type of dietary fat, the level of protein, and the presence or absence of cholesterol in the diet, and that bio-logical interactions exist among these dietary variables.
